flow through the upper airways. 1 Nasal continuous positive airway pressure is the preferred treatment for OSA, 4 and it reduces excessive sleepiness 5 ; however, residual excessive sleepiness can persist even with adequate use of nasal continuous positive airway pressure. 6 Finally, narcolepsy is a sleep disorder inherently associated with excessive sleepiness. The presence of excessive sleepiness on an almost daily basis is a required diagnostic criterion in patients with narcolepsy, a sleep-wake dysregulation disorder. 1 The excessive sleepiness may be accompanied by cataplexy, which is a sudden loss of muscle tone that is typically triggered by strong emotions. 1 Excessive sleepiness is associated with impaired cognitive and psychomotor function and diminished quality of life, 7 including impaired physical and social functioning, emotional state, and mental health. Typically, individuals with excessive sleepiness have a diminished sense of well-being, 8 often with fatigue and reduced energy levels. 9, 10 There are also significant socioeconomic costs associated with excessive sleepiness. Serious injury and death, costing billions of dollars annually, result from accidents caused by sleepiness. 11, 12 Excessive sleepiness is also a factor in occupational accidents, and patients with SWSD are more likely to have accidents than daytime workers. 2 Job productivity is also lower for shift workers with SWSD than for shift workers without SWSD. 2 These adverse economic and public health-related consequences of excessive sleepiness in the general population underscore the need for timely and appropriate diagnosis and treatment.
Modafinil, a wake-promoting agent, significantly improves wakefulness in patients with excessive sleepiness associated with SWSD, 13, 14 OSA, 15, 16 or narcolepsy. 17, 18 Objectively and subjectively measured sleepiness decreases in response to modafinil administration. Modafinil differs chemically and pharmacologically from central nervous system stimulants. 19, 20 Furthermore, modafinil carries lower potential for abuse and adverse cardiovascular events than central nervous system stimulants. 21, 22 The purpose of this article is to aggregate safety results across studies in disorders of sleep and wakefulness reported previously. [13] [14] [15] [16] [17] [18] These findings are summarized in the context of the safety and tolerability of modafinil in patients with excessive sleepiness associated with SWSD, OSA, and narcolepsy.
METHODS
Six randomized, double-blind, placebo-controlled, parallelgroup studies support the efficacy of modafinil for the treatment of adults with excessive sleepiness associated with chronic SWSD, 13, 14 OSA, 15, 16 or narcolepsy. 17, 18 These studies were analyzed to evaluate the overall safety profile of modafinil. In each of these studies, patients met standard diagnostic criteria 1 for the respective disorder being investigated and had no other cause of excessive sleepiness. Study protocols were approved by local ethics committees and abided by the guidelines of the Declaration of Helsinki and its amendments. Patients meeting eligibility criteria provided written informed consent before study entry. The 6 studies were conducted at 139 sites in the United States and United Kingdom. The studies were designed by the sponsor and expert specialists in the field of sleep in conjunction with health authorities in each respective country. As per these study designs, the sponsor was responsible for monitoring the analysis of data collected by investigators at each site as well as for data storage and verification. Data were fully accessible to all authors, with the studies' sponsor placing no limits on interpretation or publication. All authors were involved with the preparation of the manuscript.
PATIENTS
Patients at least 18 years of age with a complaint of excessive sleepiness were eligible to participate in each study if they were within the upper age limit for the individual studies (60 years for SWSD, 65 or 70 for OSA, and 65 for narcolepsy). Patients in the 2 SWSD studies were eligible if they had a complaint of excessive sleepiness associated with chronic SWSD. Patients also had to have worked at least 5 night shifts per month (each shift ≤ 12 hours, with ≥ 6 hours of each shift worked between 2200 and 0800), with at least 3 shifts occurring on consecutive nights. 13, 14 For 1 of the SWSD studies, 13 additional criteria included a mean sleep latency of 6 minutes or less on a screening Multiple Sleep Latency Test and a sleep efficiency of 87.5% or less on daytime polysomnography. Patients in the 2 OSA studies must have had residual excessive sleepiness based on the Epworth Sleepiness Scale (ie, score ≥ 10). 15, 16 In 1 of the OSA studies, patients had to have residual excessive sleepiness defined as a reduction in the apnea-hypopnea index to less than 10 and a greater than 50% decrease from the historical measurement obtained prior to nasal continuous positive airway pressure use. 16 Patients in the 2 narcolepsy studies were eligible if they had a diagnosis of narcolepsy according to The International Classification of Sleep Disorders criteria. 23 In addition, objective documentation of sleepiness with the Multiple Sleep Latency Test was required (ie, mean sleep latency ≤ 8 minutes). 17, 18 Alternate inclusion criteria included a complaint of excessive sleepiness or sudden muscle weakness with associated features (eg, sleep paralysis or hypnogogic hallucinations) and a mean sleep latency of 5 minutes or less.
Patients were excluded if they had a diagnosis or documented primary sleep disorder other than the one for which they were enrolled. Patients with a history of therapeutic failure for excessive sleepiness or any uncontrolled medical disorder were excluded from participation. Additional exclusion criteria included drug sensitivity or drug allergy to stimulant medications and any prior experience with modafinil. Self-reported caffeine consumption was limited to 500 to 900 mg/day or less, depending on the study. Further exclusions included use of any medication with stimulating (eg, methylphenidate, amphetamines) or sedating (eg, sedating antihistamines) properties. Anticataplectic therapy for narcolepsy patients was prohibited. A urine drug toxicology test was performed before administering any study medication. Some concomitant medications, such as analgesics, vitamins, and anti-infectives, were maintained at stable regimens.
Study Design
Studies of SWSD evaluated modafinil taken only when the patient was working a night shift; 1 study 13 evaluated modafinil 200 mg, and the other 14 evaluated modafinil 200 and 300 mg. In both SWSD studies, dosing occurred 30 to 60 minutes before each regularly scheduled night shift and continued for 12 weeks. Patients were not titrated to the target dose in the SWSD studies and did not take modafinil on days when they were not working. One OSA study 15 evaluated modafinil 200 and 400 mg taken once daily in the morning for 12 weeks; the other 16 evaluated modafinil 400 mg taken once daily in the morning for 4 weeks. Both narcolepsy stud- 
All values are number (%) except where indicated otherwise. OSA refers to obstructive sleep apnea; PL, placebo; SWSD, shift work sleep disorder.
ies evaluated modafinil 200 and 400 mg taken once daily in the morning for 9 weeks. Patients in the OSA and narcolepsy studies were titrated to the target dose over a 2-to 9-day period.
Safety Assessments
Assessments included adverse events, vital signs (ie, resting systolic and resting diastolic blood pressures, heart rate, and body weight), electrocardiogram (ECG) intervals, clinical laboratory parameters, and polysomnography during the day (SWSD) or during the night (OSA and narcolepsy studies). All observed and spontaneously reported adverse events were recorded by type and day of onset. Vital signs were monitored at each laboratory visit. Clinically meaningful adverse events specifically associated with blood pressure and heart rate were tabulated on the basis of the frequency of increases in blood pressure or heart rate defined by the Food and Drug Administration. Clinical thresholds for concern were 120 or more beats per minute and an increase of 15 or more beats per minute for heart rate, 180 mm Hg or higher and an increase of 20 mm Hg or more for systolic blood pressure, and 105 mm Hg or higher and an increase of 15 mm Hg or more for diastolic blood pressure. A patient was considered to have a newly diagnosed abnormal ECG finding when ECG was normal at baseline but abnormal at any time after treatment began. ECG data were recorded at baseline prior to modafinil administration and at the final visit using a 12-lead ECG. Physical examinations were conducted at the screening visit and at the last observation of each study. Blood and urine samples were collected at the screening visit, baseline visit, and last observation. Laboratory-attended, comprehensive polysomnography was performed using electroencephalography (central and occipital leads), electrooculography, electromyography (submental and tibialis), ECG, arterial hemoglobin oxygen saturation (oximetry), and measures of respiratory flow (nasal and oral) and effort (thoracic and abdominal).
Statistical Analysis
All patients who received at least 1 dose of modafinil or placebo were included in the current analyses. Data were summarized in several ways: (1) by disorder of sleep and wakefulness (ie, SWSD, OSA, or narcolepsy); (2) by treatment group (ie, the dosage a patient was randomly assigned to receive, including once-daily modafinil 200, 300, and 400 mg; all modafinil dosages combined; and placebo); and (3) all studies combined. All analyses were originally specified a priori in the statistical analysis plans. Patient disposition, including investigators' documentation of reasons for discontinuation, was summarized as categorical data for randomized patients.
Demographic data (ie, age, sex, race, and body mass index) were noted among treatment groups at baseline. All reported adverse events were classified by body system and preferred term according to the Coding Symbols for a Thesaurus of Adverse Reaction Terms and summarized as categorical data. Statistical significance between the combined modafinil group and the placebo group for adverse events was determined by Fisher Exact Test. The baseline, final visit, and corresponding change from baseline to final-visit values for vital signs (ie, resting systolic blood pressure, resting diastolic blood pressure, heart rate, and body weight) were summarized as continuous data within study populations (SWSD, OSA, or narcolepsy) and treatment groups. Statistical significance between the combined modafinil group and the placebo group for vital signs was determined by the Wilcoxon Test. The incidences of clinically significant blood-pressure and heart-rate values at any time during treatment were summarized by study population and by treatment group using criteria defined by the Food and Drug Administration and summarized as categorical data.
RESULTS

Patients
In the 6 studies, 1529 patients were randomly assigned to receive either modafinil or placebo (Table 1) , with 1501 patients (98%) receiving at least 1 dose of study drug. A total of 1261 patients completed these studies; the percentages of patients completing were similar for all studies (approximately 80%). The overall discontinuation rates were comparable for individuals receiving modafinil (18%) and those receiving placebo (16%). Discontinuation rates were 34% for patients receiving modafinil 300 T Roth, JRL Schwartz, M Hirshkowitz, et al mg per day, 18% for those receiving 200 mg per day, and 15% for those receiving 400 mg per day. Seventy-eight (8.2%) patients receiving modafinil and 16 (2.8%) patients receiving placebo discontinued because of adverse events. The most frequent adverse event cited as the reason for discontinuation was headache (2%). Nausea, anxiety, dizziness, insomnia, chest pain, and nervousness (each < 1%) were the next most frequent adverse events. Few (≤ 1%) patients discontinued because of lack of efficacy in either group. A total of 934 patients received modafinil treatment (200 mg, n = 477; 300 mg, n = 90; 400 mg, n = 367), and 567 patients received placebo. Approximately 60% of patients were men, and approximately 80% were white (Table 2 ). In the OSA studies, with a 76% male enrollment, patients had a mean baseline body mass index of greater than 36 kg/m 2 . The average duration of modafinil treatment was 42.3 days in patients with SWSD, 65.0 days in patients with OSA, and 60.0 days in patients with narcolepsy.
Adverse Events
Headache was the most frequently reported adverse event in these studies (Table 3) . Most (nearly 90%) adverse events occurred during the first 4 weeks of treatment and were graded as mild to moderate. The overall incidence of adverse events was similar among the 3 modafinil dosage groups. The most common adverse event reported by patients receiving modafinil was headache (modafinil, n = 319 [34%]; placebo, n = 133 [23%]). A dose-related trend was seen only for headache (200 mg, 32%; 300 mg, 26%; 400 mg, 40%; p < .05 vs placebo). Other leading events included nausea (modafinil, n = 107 [11%]; placebo, n = 19 [3%]) and infection (modafinil, n = 97 [10%]; placebo, n = 68 [12%]). Adverse events occurring more frequently in the modafinil group than in controls included headache, nausea, dry mouth, anorexia, nervousness, insomnia, anxiety, hypertension, and pharyngitis. The cumulative incidence of headache for modafinil was 20% at 1 week, 29% at 1 month, and 34% at 3 months. For placebo, the cumulative incidence of headache was 9% at 1 week, 18% at 1 month, and 23% at 3 months. The cumulative incidence of nausea for modafinil was 7% at 1 week, 10% at 1 month, and 11% at 3 months. For placebo, the cumulative incidence of nausea was 2% at 1 week and 3% at 1 month and at 3 months.
In patients taking modafinil, 18 serious adverse events occurred. In the placebo group, there were 9 serious adverse events. Seven adverse events were considered treatment related; these included chest pain, leukopenia, abnormal liver enzymes, extrasystoles, palpitations, dyspnea, and hypoventilation.
Blood Pressure, Heart Rate, and Body Weight
There were no significant changes from baseline to final visit in mean heart rate, systolic blood pressure, or diastolic blood pressure between the modafinil and placebo groups for the SWSD or OSA studies. In the narcolepsy studies, the mean change from baseline to final visit in heart rate and systolic blood pressure was statistically significant between the modafinil and the placebo groups (p < .05; Table 4 ). These differences were due to a greater change from baseline in the placebo group (mean ± SD: heart rate, -0.8 ± 9.8 beats/min; systolic blood pressure, -3.1 ± 13.0 mm Hg) than in the modafinil group (mean ± SD: heart rate, 0.1 ± 11.7 beats/min; systolic blood pressure, -1.3 ± 13.5 mm Hg). Overall, clinically significant abnormalities in blood pressure and heart rate were rare in both groups regardless of the clinical population (≤ 1% of patients in most cases; Table 5 ). Clinically significant elevations in diastolic blood pressure (≥ 105 mm Hg and an increase from baseline ≥ 15 mm Hg) were observed in 9 (< 1%) patients who received modafinil and in none of the patients who received placebo; 5 of these 9 patients had a diagnosis of OSA. The initiation or increase in dose of antihypertensive medication was 2.4% in modafinil-treated patients and 0.7% in those receiving placebo. When only OSA studies were included, alterations in use of antihypertensive medications were required for 3.4% of modafinil-treated patients and for 1.1% of patients receiving placebo.
Regardless of patient group, there were no significant changes from baseline in mean body weight (Table 4) . Nonetheless, clinically significant decreases in body weight (defined as ≥ 7% decrease from baseline) were reported for 28 (3%) patients receiving modafinil (Table 5) . Weight loss was more common in the OSA studies, with clinically significant decreases reported for 20 (7%) patients in the modafinil group. Clinically significant weight loss was seen in 7 (1%) placebo patients across all studies and in 2 (1%) placebo patients in the OSA studies. 
Safety of Modafinil for Treatment of ES
Electrocardiogram
Modafinil was similar to placebo in terms of clinically significant ECG changes, and there was no treatment-emergent pattern of ECG abnormalities. Newly diagnosed abnormal ECG findings were reported in 162 (17%) of 934 patients receiving modafinil and 102 (18%) of 567 patients receiving placebo. Of these, only 2 (< 1%) patients receiving modafinil and 4 (< 1%) patients receiving placebo had ECG results that met a priori criteria for clinical significance. All 6 of these patients were enrolled in the OSA studies.
Clinical Laboratory Parameters
In patients with narcolepsy, mean ± SD gamma-glutamyl transferase (GGT) and alkaline phosphatase plasma levels were 36.6 ± 37.44 and 78.4 ± 21.82 U/L, respectively, following administration of modafinil and 25.9 ± 20.98 and 77.3 ± 21.08 U/L, respectively, for placebo; however, fewer than 1% of all elevations were higher than 3 times the upper limit of normal. In patients with SWSD, mean GGT and alkaline phosphatase levels increased following administration of either modafinil or placebo. GGT levels were not measured in patients with OSA; however, alkaline phosphatase levels increased following modafinil administration and decreased with placebo. Clinically significant abnormalities in alanine aminotransferase and aspartate aminotransferase (> 3 times the upper limit of normal 24, 25 ), blood urea nitrogen (≥ 10.71 mmol/L), creatinine (≥ 177 µmol/L), uric acid (men, ≥ 625 µmol/ L; women, ≥ 506 µmol/L), and total bilirubin (≥ 34.2 µmol/L) were infrequent (observed in < 1% of patients for all parameters), without treatment-emergent bias toward active drug.
Effects on Desired Sleep
Polysomnography indicated that modafinil had no adverse effect on patients' sleep architecture (Figure 1) . No clinically significant difference for sleep efficiency emerged between modafinil and placebo for all 3 patient populations (SWSD, p = .85; OSA, p = .11; narcolepsy, p = .11).
DISCUSSION
Data from these 6 studies (2 SWSD, 2 OSA, and 2 narcolepsy) show that modafinil 200, 300, or 400 mg once daily is well tolerated in patients with excessive sleepiness associated with disorders of sleep and wakefulness. Headache and nausea were the most common adverse events observed in patients receiving modafinil. The majority of adverse events were mild to moderate in nature, and only headache was associated with a dose-related effect. Moreover, modafinil was not associated with clinically significant changes in mean vital signs, ECGs, or sleep when sleep was desired. At final visit, elevations in mean GGT and/or alkaline phosphatase were observed in patients receiving modafinil but not in those receiving placebo. Clinically significant abnor- malities in laboratory parameters were rare and reported in fewer than 1% of patients receiving modafinil or placebo. Excessive sleepiness is a common symptom of patients seen by both primary care and specialty medicine physicians. 9 A survey conducted by the National Sleep Foundation indicated that 37% of adults (18-54 years old) report that excessive sleepiness interferes with their daily activities at least some of the time, and 16% report that it interferes a few days or more per week.
26
Excessive sleepiness may have potentially serious physiological consequences, especially in patients with OSA who have an increased risk for cardiovascular disease. 27 Results from a prospective population-based study show a greater than 2-fold increase in all-cause and cardiovascular mortality in OSA patients with excessive sleepiness, even after controlling for hypertension and cardiovascular disease. 28 There is also evidence that shift workers with repeated disturbances in circadian rhythms experience a negative impact on performance, quality of life, and health, with an increased risk for peptic ulcers and cardiovascular disease. 2, 29, 30 Importantly, in the current analysis, modafinil did not elevate mean blood pressure or heart rate more than did placebo in a population of patients at risk for cardiovascular events (eg, patients with OSA).
Reduced sleep efficiency in patients with SWSD likely results from insomnia and disturbed sleep and is presumably related to work-dictated sleep schedules placed in opposition to patients' internal circadian sleep-wake cycles. Excessive sleepiness in patients with SWSD has been associated with impaired performance and lower job productivity, increased absenteeism, and more accidents than in daytime workers. 2 Modafinil has been shown to improve alertness in patients diagnosed with SWSD with a favorable safety profile.
One of the main limitations of these results relates to the short duration (4-12 weeks) of the 6 studies. However, modafinil has been well tolerated during long-term open-label studies of patients with narcolepsy. 31, 32 Adverse events in these open-label studies were consistent with those observed in the double-blind clinical studies and were mild to moderate in nature. Additionally, no clinically meaningful changes in vital signs or ECGs were found. 31, 33, 34 Modafinil taken in the morning or at the beginning of a night shift does not adversely affect subsequent sleep occurring 8 to 16 hours later. [13] [14] [15] [16] [17] [18] 35 The favorable safety profile of modafinil may, in part, be due to its selective action in the sleep-wake brain centers, 19 rather than widespread central nervous system stimulation via dopaminergic pathways. In contrast to traditional nervous system stimulants, the abuse potential for modafinil is considered low, and clinical evidence for the development of dependence or tolerance has not been found. 21, 36, 37 In conclusion, modafinil is well tolerated. Furthermore, it appears from these 6 prospective research studies that daily modafinil administration confers a low risk of adverse events or severe adverse events. These results make for a positive risk-benefit ratio for using modafinil to treat excessive sleepiness in patients with SWSD, OSA, and narcolepsy.
